I. INTRODUCTION
The strong coupling constants are very useful resources for understanding the nature of the strong interactions and hadronic phenomena. The strong couplings of the charmed mesons have a significant role in the hadronic decays of B meson when phenomenological models, for instance one-particle exchange model, are used. The phenomenological Lagrangian of the one-particle exchange model for the hadronic decays of B meson contains input parameters such as β and λ, which describe the strong couplings connected to the charmed mesons in these decays [1] . Therefore, the calculation of the strong form factors and coupling constants, especially vertices composed of the charmed mesons, has attracted much attention. Until now, researchers have computed some coupling constants of the charmed mesons such as D * D * ρ [2] , D * Dπ [3, 4] , DDρ [5] , D * Dρ [6] , DDJ/ψ [7] , D * DJ/ψ [8] , D * D s K, D * s DK, D * 0 D s K, D * s0 DK [9] , D * D * P , D * DV , DDV [10] , D * D * π [11] , D s D * K, D * s DK [12] , DDω [13] , D s D s V , D * s D * s V [14, 15] , and D 1 D * π, D 1 D 0 π, D 1 D 1 π [16] . These coupling constants are often evaluated within the framework of the QCD sum rules.
In this work, we decide to calculate the strong coupling constants associated with
and D * s D * K 1B vertices in the frame work of the light-cone sum rules (LCSR). Also, the strong coupling constants related to D s DK 1 , D * s DK 1 and D * s D * K 1 vertices for K 1 (1270) and K 1 (1400) axial vector mesons are estimated by the corresponding vertices of K 1A and K 1B mesons. For example, the relations for the coupling constants g DsDK1(1270) and g DsDK1(1400) are as g DsDK1(1270) = g DsDK1A sin θ K + g DsDK1B cos θ K , g DsDK1(1400) = g DsDK1A cos θ K − g DsDK1B sin θ K ,
where θ K is the mixing angle. Similar expressions can be written for f D * s DK1(1270,1400) and h D * s D * K1(1270,1400) . As an example of specific application of these coupling constants can be pointed out to branching ratio calculations of hadronic B decays. In this paper, we would like to consider the branching ratios of the decays B 0 → K + 1 (1270, 1400)π − , according to the coupling constants of D s DK 1 , D * s DK 1 and D * s D * K 1 vertices. The plan of the present paper is as follows: In section II, the strong coupling constants g DDA , f D * DA and h D * D * A are calculated in the framework of the LCSR. In section III, we analyze and estimate the strong coupling constants for the aforementioned vertices. In addition, we consider the branching ratio of B 0 → K + 1 π − decay for K 1 (1270) and K 1 (1400) mesons using the coupling constants of D s DK 1 , D * s DK 1 and D * s D * K 1 vertices and compare our results with the experimental values and predictions of other methods.
II. STRONG COUPLING CONSTANTS IN THE LCSR
In the LCSR, the strong coupling constants g D (s) DA , f D * (s) DA and h D * (s) D * A are evaluated with Π D (s) DA , Π and D s (D * s ) in our formulations. The aforementioned correlation functions are defined as
where T is the time-ordering operator. In addition, j D = iq i (1−γ 5 )c and j D * µ = iq i γ µ c (q i is the field of the light quark from which the charmed meson is made; u, d, or s) are the interpolating currents for D and D * mesons, respectively. The main reason for choosing the Chiral current iq i (1 − γ 5 )c for D meson instead of the usual pseudoscalar current iq i γ 5 c is to provide the results with less uncertainties [17] .
In the LCSR approach, the correlation functions Π DDA , Π D * DA µ and Π D * D * A µν can be calculated in two different ways. In the physical or phenomenological representation and the QCD or theoretical ones. The strong coupling constants g DDA , f D * DA and h D * D * A can be obtained by using the dispersion relation to link these two representations of the correlation functions.
A. The phenomenological side
In the phenomenological part, DDA, D * DA and D * D * A vertices can be studied in terms of hadronic parameters. To obtain the phenomenological side of the correlation functions, we can insert two complete sets of intermediate states with the same quantum numbers as the meson currents into these correlation functions. After isolating the higher-state contributions from the pole terms of charmed mesons and performing the Fourier transformation, we have:
+ higher and continuum states ,
Using the following matrix elements:
where ε * , ε and ε * (q) represent the polarizations of D * (p + q), A and D * (q) mesons respectively, the following results are obtained:
g DDA ε.q + higher and continuum states ,
f D * DA ǫ µλαβ ε λ p α q β + higher and continuum states ,
where g DDA , f D * DA and h D * D * A are the strong coupling constants, m D , m D * and f D , f D * are masses and decay constants of mesons, respectively. Any arbitrary structure in the correlation function can be selected to compute the strong coupling. Here, calculations are done for the Lorentz structures ε.q, ǫ µλαβ ε λ p α q β and (p + q) µ ε ν from Π DDA , Π D * DA µ and Π D * D * A µν , respectively.
B. The theoretical side
To calculate the QCD or the theoretical part of Π DDA , Π D * DA µ and Π D * D * A µν in the LCSR approach, the T product of the interpolating currents should be expanded at the light-like distances x 2 ≃ 0. After contracting the c quark field, the correlation functions
are obtained. In these phrases, S c (x, 0) is the propagator of c quark, q i and q j are the fields of the light quarks that are located inside the two charmed mesons. For calculating the theoretical part of the correlation function, the Fierz rearrangement is utilized. As a result of the Fierz rearrangement, the combination of Γ λ Γ λ is appeared before q j (x) in the correlation functions, where Γ λ is the full set of the Dirac matrices, Γ λ = (I, γ 5 , γ µ , γ µ γ 5 , σ µν ). After rearrangement the quantum fields and matrices, the correlation functions turn into two parts including a trace section and a matrix element of nonlocal operators between A meson and vacuum state, as
In the LCSR approach the non-zero matrix elements 0|q i (0) Γ λ q j (x)|A(p) , called the light-cone distribution amplitudes (LCDAs), are defined in terms of twist functions. For instance, the two-parton distribution amplitude for the axial vector meson A, with the light quark content q i and q j , is given as [18] :
for x 2 = 0. Moreover, f A and f ⊥ A are the decay constants of the axial vector meson A. The explicit expressions for the relevant two-parton distribution amplitudes and definitions for the above mentioned twist functions are collected in Appendix.
After substituting the two-parton distribution amplitudes of the axial vector meson A into the correlation functions Π DDA (p, q), Π D * DA µ and Π D * D * A µν , we should calculate some traces and then integrals over variables x and u. In the next step, we equate the coefficients of the structures ε.q, ǫ µλαβ ε λ p α q β and (p+q) µ ε ν from both the phenomenological and theoretical sides of Π DDA (p, q), Π D * DA µ and Π D * D * A µν , respectively. Finally, to apply the Borel transformations with respect to two variables (p + q) 2 and q 2 , the strong couplings g DDA , f D * DA and h D * D * A are obtained in the LCSR as
where
Parameter s 0 is the continuum threshold that appears in function ∆(u 0 , s 0 ). To calculate the coupling constant of vertex DDA(D s DA) in Eq. (9), the continuum threshold s 0 is connected to D(D s ). On the other hand, in vertices
The continuum thresholds for the charmed mesons have been calculated via the QCD sum rules (SR) in Ref. [19] . Their results for √ s 0 are presented in Table  I . The Borel transformations, used in extracting the strong coupling relations in Eq. (9), are as follows.
where Λ is variable. In the Borel transformations, parameter M is known as the Borel mass. Now, the values of the strong couplings g DDa1 ,
can be estimated numerically, with the help of Eq. (9) obtained using the LCSR. In addition, the results of the strong couplings g DsDK1 , f D * s DK1 and h D * s D * K1 for K 1 (1270) and K 1 (1400) mesons are calculated by Eq. (1).
III. NUMERICAL ANALYSIS
In this section, our numerical analysis is presented for the strong coupling constants g DDA , f D * DA and h D * D * A . In this work, the masses of the light quarks u and d are neglected. The masses for s and c quarks are taken in GeV as m s = (0.09 ± 0.00) and m c = (1.28 ± 0.03), respectively [20] . For charmed mesons, the masses are used in GeV as m D = 1.86, m Ds = 1.96, m D * = 2.01 and m D * s = 2.11 [20] . In this work, the decay constant values of the charmed mesons D ( * ) and D Table II. A.
Analysis of the strong coupling constants gDDA, fD * DA and hD * D * A Having all the input parameters, we are ready to do numerical analysis for the coupling constants. The coupling constants g DDA , f D * DA and h D * D * A in Eq. (9) contain two Borel parameters M 2 1 and M 2 2 . These are not physical Taking all values and parameters and their uncertainties in Eq. (9), the values for the strong coupling constants are obtained and shown in Table III . It is worth mentioning that the strong coupling constants g DDa1 and h D * D * a1 are dimensionless. Mesons a 1 and ρ have the same quark content, but different masses and parities, i.e. ρ is a vector (1 − ) and a 1 is a axial vector (1 + ). The values of the strong couplings g DDρ , f D * Dρ and h D * D * ρ are evaluated as (1.31 ± 0.29), (0.89 ± 0.15) GeV −1 and (6.6 ± 0.31) using the SR method in Refs. [22, 23] . According to Table III, only the strong couplings f D * Da1 and f D * Dρ are approximately equal.
The strong coupling constants g DsDK1 , f D * s DK1 and h D * s D * K1 for K 1 (1270) and K 1 (1400) are plotted in Fig. 3 , as a function of the mixing angle θ K . The uncertainty regions are also displayed in this figure.
The values of the strong couplings g DsDK1 , f D * s DK1 and h D * s D * K1 depend on the mixing angle θ K . The mixing angle θ K can be determined by the experimental data [24] [25] [26] [27] . A new research for the value of θ K indicates that this mixing angle is around either ±33 • or ±58 • [28, 29] . On the other hand, the recent experimental values for the branching ratios of the B → K 1 (1270, 1400)π decays are reported at θ K = (72 ± 3) • by BABAR [30] . For the next calculations and comparisons, we need to the values of the aforementioned coupling constants at θ K = −58 • , −37 • , −33 • , 32 • and 72 • . Therefore, these values are presented in Table IV . In this section, we want to evaluate the branching ratio values for the non-leptonic B 0 → K + 1 (1270, 1400)π − decays. According to Refs. [31, 32] , the amplitude of B 0 → K + 1 π − decay, M K1π , is written in two parts; the short-distance contribution (SD) and the long-distance ones (LD), as:
In the above phrase, M SD is written using the effective Hamiltonian for the non-leptonic B decays in the factorization approximation as [33] [34] [35] [36] [37] :
where G F is the Fermi constant, V ij is the CKM matrix element, ε is the polarization vector of K 1 meson and a i = C i + Ci−1
3
(C i is the Wilson coefficient). In addition F B→π 1 (m 2 K1 ) is the transition form factor of the semileptonic B → π decay estimated in m 2 K1 [38] . For the long-distance part of the amplitude, diagrams displayed in Fig. 4 s D ( * ) intermediate states, and then these two particles produce the final mesons K 1 and π by exchanging a D ( * ) meson. In this view, the M LD is given by the following formula:
Using the charming penguin diagrams in Fig. 4 , the imaginary part of M LD can be computed as
where the integration is over the solid angle. The amplitude for B → D ( * )
In these phrases K and ω * are as follows:
It should be recalled that the factorization with the following kinematics are used to compute M[B → D ( * ) s D ( * ) ]:
On the other hand, the heavy quark effective lagrangian is used to estimate M[D ( * )
The result for the sum of diagrams (a) and (b) in Fig. 4 is obtained as As mentioned before, the recent experimental values for the B 0 → K + 1 (1270, 1400)π − branching ratios are reported at θ K = (72 ± 3) • by BABAR [30] . Considering the amplitudes of B 0 → K + 1 (1270, 1400)π − decays in different ways such as only (M SD ), (M SD + M a+b LD ), (M SD + M c LD ), (M SD + M d+e LD ), and the total amplitude (M SD + M LD ), we present our results for the branching ratios at θ K = (72 ± 3) • in Table V . According to the obtained values, (M SD + M a+b LD ) has the most contribution to our results. The experimental values for these considered decays are also reported in Table V . As can be seen, our results are in a good agreement with the experimental values. For a better analysis, other theoretical predictions for the branching ratios of B 0 → K + 1 (1270, 1400)π − decays are also presented in Table VI . It is noticed that the results of Refs. [42, 43] are obtained for mixing angle 32 • , while those in Ref. [44] are obtained for mixing angle −37 • . Also, the mixing angle θ K is considered in two values −33 • and −58 • in Ref. [45] . For a comparison, we show our results for the B 0 → K + 1 (1270, 1400)π − branching ratios in the different values of the mixing angle θ K in Table VII . As can be seen in Tables VI and VII, the values predicted by us in the different angles are in most cases greater than that those predicted by the other methods.
In summary, the strong coupling constants of DDA, D * D * A and D * DA vertices were considered in the framework of the LCSR, where A is an axial vector meson such as a 1 , b 1 , K 1A , K 1B , K 1 (1270) and K 1 (1400). The branching ratio of the non-leptonic decay B 0 → K + 1 π − was analyzed by using the strong coupling constants of D s DK 1 , D * s DK 1 and D * s D * K 1 vertices for K 1 (1270) and K 1 (1400) mesons. We estimated the branching ratio values of these decays in different values of the mixing angle θ K . Our results for the branching ratios of B 0 → K + 1 (1270, 1400)π − decays were in a good agreement with the experimental values in θ K = (72 ± 3) • . where
In these phrases, the values of all parameters such as ω V A , σ ⊥ A and etc. are given in Ref. [18] for each meson. On the other hand, the same as the above quantities but for A = b 1 and K 1B states are given as follows. 
